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@ Zlegler type catalyst system. 

@ A Ziegler type catalyst system for alpha-olefin type 
polymerization which includes R'aY, R'jYX or a mixture 
thereof, at least one supported Qroup IVA-Vlll transition 
metal hallde and an alkyt metal compound selected from 
R'jYNRa and R'XYNRi. wherein Y Is Al, Qa or In. The 
improved catalyst system provides increased polymeriza- 
tion activity without signtftoantly affecting the crystalllnlty of 
the polymer. 
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1 

2 The present invention relates to 

3 improved Ziegler type catalyst systems for the conven- 

4 tional alpha-olefin type polymerizations thereby yielding 

5 polymers having a high degree of isotactic stere ©regularity. 

6 An object of the present" invention is to provide im- ' 

7 proved Ziegler type catalyst systems having a major increase 

8 in polymerization activity while being able to control the 

9 polymer crystallinlty over a wide range, e.g., isotacticlty, 

10 wherein the catalyst system includes at least one Group 

11 IVA-VIII transition metal halide, an alkyl metal cocatalyst 

12 selected from the group consisting of r'3Y or R'2YX and mix- 

13 tures thereof and an alkyl metal compound being selected 

14 from R'^YNR and R'XYNR2, '"^^^rein R* is selected from the 

15 group consisting of to primary alkyl, secondary alkyl, 

16 tertiary alkyl, neopentyl alkyl, branched alkyl, naphtenic, 

17 or aralkyl groups, X is a haltde group, R is selected from 

18 the group consisting of C3 to C^q bulky alkyl groups, 

19 cycloalkyl groups, aryl groups, or a cyclic amine structure, 

20 and Y is selected from the group consisting of aluminum, 

21 gallium and indium. 

22 A further object of the present invention is to provide 

23 an improved process for alpha-olefin type polymerizations, 

24 wherein the polymerization activity is increased without 

25 adversely affecting the crystallinlty of the formed polymer. 

26 A still further object of the present invention is to 

27 orovide ah Imtoroved Ziegler tyoe catalyst system wherein 

28 Catalyst ooisons are consumed in situ thereby minimizing the 
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5 
6 



1 formaf^Qn of atactic type polymers wherein the catalyst 

2 poison R*A1X2 effectively removed from the catalyst 

3 thereby making a higher number of active sites. 

A still further object is the advantage over the 
alternative catalysts of being able to use the present compounds 
directly x»lth. any type of transition metal halide without modl- 

7 fieation of the comaercial catalyst preparation or the polymeria 

8 zatlon plant* 

10 During a Ztegler type alpha-olefin polyaerization 

11 which employs TiCl^ in combination with R'^Y or a'2'^» ^7' 

12 product a'YXj is formed on the surface of the TiCl^ thereby . 

13 acting as a catalyst poison (deactivator), Therein R' is selected 

14 from the group consisting of to Cjq primary alkyl, secondary 

15 alkyl, tertiary alkyl, neopentyl alkyl, branched 

16 alkyl, naphthenlc or aralkyl groups, preferably a to 

17 alkyl group, X is a halide group, Y is selected from the group 

18 consisting of Al, Ga or In. 

1® It has been shown that the addition of small amounts 

20 of EtAlCl2 to a TiCl3-Et2AlCl catalyst system dramatically 

21 reduces polymerization rates (Ingberman, et. al., J. Polvmer 

22 Scl. A4. 2781 (1966)). Since the formation of an active cat- 

23 alyst site during polymerization involves the reaction R'2A1C1 

24 TiClg > R»AlCl2 + R'TiCl^ on the surface of the TiCl3 

25 crystal, it is apparent that the R»A1C12 catalyst poison (or 
2g deactivator) is always present in such catalyst systems. 

Likewise for the reaction of R'^Al with excess TICI3 is: 
R'^Al + TiClj (excess)— »R'AlCl2 + R'2A1C1 + 3R'TiCl2 (11013)3 

It has been sinrprisingly found that this catalyst 
poison R*A1X2 can be effectively removed from the surface of 
the TICI3 ^® addition of a compound R' 2^2012 R'XY2ai2 to 
the TlClj-R'jAl or TiClj-R'jAlS. The R '2^1012 reacts selec- 

33 tlvely with R'A1X2 in two different ways either to remove the 

34 R*A1X2 by the formation of mixed dlmers: 
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^ R' \ 

or by transalkylacion to regenerate RVlX and to generate 

R»XXNa2: R'2^2-***A1X2 > R'XYNR2+R'2A1X, In the case 

of R'xraR2. the R'AlXj is sijaply removed by formation of a 
catalytlcally inactive mixed dimer. In either case, the 
9 a'AlX2 ^ effectively removed from the catalyst sites, therebv 

10 resulting in a higher number of active sites per unit of 

11 catalyst volume which is reflected la a large increase in 

12 activity. When the amide (R'2Y1JR2) of the present - 

13 invention is used in relatively small amounts based on the 

14 R*3A1 or R'2A1X, the polymer Isotactldty (as measured by 

15 heptane insolubles, density, tensile, etc.) is similar to 

16 or higher than that obtained with either R'^Al or R'jAlX 

17 alone. When higher proportions are used relative to R'jAlX 

18 ^.'jAl, the polymer becomes less isotactic, but polymeriza- 



19 
20 



tion rates Increase to even higher levels. Thus, one can 



achieve remarkable increases in activity from any TiCl- or 

21 TlCl^ catalyst while simultaneously controlling polymer iso- 

22 tactidty over a wide range. Another advantage the cocatalyst 

23 supplement of the invention has oyer alternative cacalysts is 

24 that It may be used directly with any type of 11013 

25 presently being used without modification of the commercial"' 

26 catalyst preparation or the polymerization plant. 

27 - The amides usable in the invention have the gene-al 

28 structures R«2A12iR2 and R'XA1IIR2. herein R' - C, to C-q hydro- 
ps =a^^yLj?o«P such as primary alkyl, secondary alkyl, tertiary 

30 alkyl, neopentyl alkyl, branched alkyl, cycloalk^FW ara-lkvl 

31 preferably a C^.^^ alkyl; and R » C3 to €3 ^ bulky alkyl, ' 

32 cycloalkyl, aryl or substituted aryl groups, including ring 

33 structures such as R2AI piperldlde and EtjAl pyrroltd^de. 

34 Hindered amide groups derived from hindered secondary 

35 amines are especially preferred because they Interact 

36 less strongly with the TiCl3 and have greater driving 
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1 force to form mixed dimers with the R'AlClj poison. Such com- 

2 pounds have large, bulky H aroups by virtue of branching on 

3 the carbons alpha, beta or gamma to the nitrogen. Illustrative 

4 examples of R groups include isopropyl, isobutyl, neopentyl, 

5 3,3-diethylhexyl, 2-ethylhexyl, 2-butyl, 2-octyl> 3-pentylr 

6 cyclohexylr cyclopentyl, 2-methyl-cyclopentyl , 3-ethycyclohex- 

7 yl, phenyl, totyl, xylyl, chloropheny 1 , naphthyl and mixtures 

8 including mixtures in which one R group may be a less bulky 

9 saturated group such as a normal alkyl. Also, the two R 

10 groups may be psurt of a cyclic amine structure, such as pyrrol- 

11 idyl, piper idyl, and the like and their various alkyl substi- 

12 tuted derivatives especially when the substituents are on the 

13 carbon atoms adjacent to the nitrogen atoms, such as 2,6-diiso- 

14 propylpiperldlde , 2,2,6,6-tetramethylpiperidide, and the like. 

15 The y group of R"2YNR2 is selected from the group 

16 consisting of aluminum, gallium, or indium, most preferably 

17 aluminum. 

18 The ratio of amide to TiCl^ is between 0.05:1 to 

19 5;1. The lower ratios are used together with "low aluminum" 

20 containing TiCl^ to make highly isotactic polymers at high 

21 rates . Higher ratios axe used with aluminum-containing TiCl^ 

22 catalysts such as the commercial TiCl^^O.SS AlCl^ catalyst. 

23 *'Iow-aluminum" containing TiCl^ refers to TiCl^ catalysts 

24 which have low Al because of method of formation or have had a 

25 major portion of the aluminum removed as a result of subse- 

26 g[uent reactions. 

27 These new cocatalyst mixtures are useful with any 

28 of the crystal modifications of TlX^, with solid solutions of 

29 Groups II-III metal salts in TiX^ (also, referred to as "co-^ 

30 crystallized" such as TiCl^^nAlCl^ or TiCl^^nMgCl^, and with 

31 TiXj or TiX^ supported on salts such as MgClj or hydroxy- 

32 chloride, oxides or other inorganic or organic supports, 

33 wherein X = CI or Br, preferably Cl, Lewis bases, alcohols, 

34 carboxylic acids, etc, may also be present. The most pre- 

35 f erred crystal structure is delta or pseudo delta, the latter 

36 being a mlxtuxe of disordered, very small alpha and gamma 
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1 crystallites • This invention is also useful for increasing 

2 the activity and/or stereo-specificity of supported TiCl^ and 

3 TiCl^-type catalysts and other supported predominantly tri- 

4 valent titanium compounds . The TiCl^-type catalysts may be 

5 prepared from TiCl^ by any of the reduction and crystalliza- 

6 tion procedures known in the art (n^^ metal metal hydrides, 

7 alkyl, etc.). Low aluminum TiCl^ type catalysts are preferred. 

8 Lewis bases can be employed in combination with the 
^ trialkyl metal compound or with the Group IV A to VIII trans i- 

10 tion metal compound or with both components as long as they 

11 do not cause excessive cleavage of metal-carbon bonds or loss 

12 of active sites. A wide variety of Lewis bases may be used 

13 including such types as tertiary amines, esters, phosphines, 

14 phosphine oxides, phosphates (alkyl, aryl) , phosphites, hexa- 

15 alkyl phosphoric triamides, dimethyl sulfoxide, dimethyl for- 

16 mamide, secondary amines, ethers, epoxides, ketones, saturated 

17 and unsaturated heterocycles , or cyclic ethers and mixtures 

18 thereof. Typical but non-limiting examples are diethyl ether, 

19 dibutyl ether, tetrahydrof uran , ethylacetate, methyl p-toluate, 

20 ethyl p-anisate, ethyl benzoate, phenyl acetate, amyX acetate, 

21 methyl octanoate, acetophenone , benzophenone , triethylamine, 

22 tributyl amine, dimethyldecylamine, pyridine, N-methylpiperi- 

23 dine, 2, 2, 6 , 6-tetramethylpiperidine, euid the like. Especially 

24 useful in combination with the trialkyl metal cocatalyst are 

25 Lewis bases whose complexing ability toward the cocatalyst is 

26 •'hindered" sufficiently by steric and/or electronic effects to 

27 cause appreciable dissociation of the trialkyl metal-Lewis 

28 base complex under polymerization conditions. Although a wide 

29 range of mole ratios may be used, dissociation of the complex 

30 as measured on a 1:1 complex is normally in the range of 1-99 

31 mole %, more preferably 5-95%, and most preferably greater 

32 than 10% and less than 90%. Steric hindrance is achieved 

33 by bulky substituents around the heteroatom which reduces 

34 the accessibility of the base functionality to the Lewis 

35 acid, that is^ the trialkyl metal compound. Electronic 

36 hindering is obtained by placing electron withdrawing sub- 
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1 stituents on the hetexoatom to reduce the electron density on 

2 basic heteroatom. Aromatic substituents are especially useful 

3 because they are relatively unreactive toward other catalyst 

4 components. Hindered Lewis bases derived from piperidines, 

5 pyrrolidines, ketones, tetrahydr of urans , secondary and tertiary 

6 aromatic amines and tertiary aliphatic amines are preferred,. 

7 with the hindered nitrogen bases being most preferred. Non- 

8 limiting examples of sterically hindered bases include 

9 2,2,6,6-tetramethylpiperidine, 2,2,5,5,-tetramethylpyrrolidiner 

10 2,2r5^5,-tetramethyltetrahydrofuran^ di-tert-butylketone, 2^6- 

11 diisopropylpiperidine, ortho-tolyl t-butyl ketone, methyl 2,6- 
^2 di-tert-butylphenylketone, diisopropylethylamine, t-butyldi- 

13 methylamine, 6-methyl-2-isopropylpyridine, and the like. 

14 Electronically hindered Lewis bases include dipheny lamine , di- 

15 ortho-tolylamine, N,N-diethyl-aniline, di-ortho-tolylketone, 

16 and the like. Since aromatic substituents are also bulky, some 

17 of the electronically hindered bases can also have a steric 

18 contribution to the hindrance. Especially preferred hindered 

19 amines are 2,2,6,6-tetramethylpiperidine, 2,2,5,5,-tetramethyl- 

20 pyrrolidine and the diary lamines. Completely hindered bases, 

21 such as 2, 6-di-tertiarybutylpyridiner and the like, which 

22 complex the alkyl metal cocatalyst too weakly, are ineffective 

23 for improving sterospecif icity and are excluded from this 

24 invention. 

25 Further increases In activity or stereospeclficity 

26 may be obtained by premiadLng the transition metal component 
27* with either the amide or the alkyl metal, or both* 

28 The amide effect Is obtained with all the usual 

29 polymerization conditions- Thus solvent, temperature and 

30 monoiner concentrations are not critical. Increased activity 

is obtained with all alpha olefins from ethylene to C^q and 
higher as well as in copolymerlzatlons such as ethylene/o( - 
olefin, ethylene/diolefin, propylene/pf -olefin, propylene/ 

34 diolefin and ethylene/qf -olefin/ diene copolymerizations. The 

35 amount of alkyl metal cocatalyst is usiially in the range of 

36 0.1:1 to 20£l, preferably 0.5:1 to 10:1 mole ratio of 
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^ alkyl metal to transition metal compound. It is feasible 
using the hindered amides and hindered Lewis bases to employ 
higher mole ratios, up to 200:1 or higher, to achieve higher 



^ activity at high stereospecif icity . The most preferred mole 

ratios with the hindered components is in the range 5:1 to 
6 200:1 alkyl metal plus amide to transition metal compound. 

The concept of the invention can be restated as 



follows. Two types of alkyl metal compounds have been found 
to be effective for greatly increasing the activity of Ziegler 

10 catalysts, especially for propylene polymerization. These are 

11 alkyl aluminum dialkylamides and alkyl chloroaluminum dialkyl 

12 amides. The amides most preferably are sterically hindered. 

13 Both types are believed to operate by selectively scavenging 

14 the R'AlClj poison from the catalyst through the formation of 

15 mixed diners. The dialkylalumiaum additives are preferred 

16 because they regenerate the desirable R2AICI by reaction with 

17 BAlClj. However, the corresponding alkyl chloroaluminum amides 

18 are also effective additives for simply scavenging RAICI2. 

19 These Utter have the advantage over the dialkylaluminum types 

20 in that they have little, if any, polymerization activity so 

21 that the amounts used need not be so carefully controlled. 

22 When the dialkylaluminum amide additives are used 

23 in excess over the amount of R'AICI^ produced by the catalyst 

24 reactions, they are capable of forming active sites which 

25 yield lower tsocacticity polymer. Therefore, these additives 

26 are preferably used in 5 to 50 mole % based on TiCl, 

27 la the absence of extrinsic sources of R'AICI,. 50-100 

28 mole % should be used when added R'AlCl^ plus^that formed by 

29 reacting R yici with AICI3 ^ the titanium component is in 
T TJTT^ PolTmerlzation systm^^he best results are 

31 obtained when the molar amount of IddiUve Is approxS^ely 

32 equal to the molar amount of R'AlCl^ produced beLe and 

33 during polymerization. ' ^ 

35 2 !:« ^! aliarinum compound containing 
II ! P^°d"ce higher 

36 activity catalysts. However, for propylene and hi^er alpha 
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^ olefins, polymer isotacticity decreases with increasing alkyl 

2 chain length. Therefore, C2 to alkyl groups are preferred 

3 ^en isotactic polymers are desired. 

4 The halide group in the alumintim cotaponents of the 

5 catalyst is preferably chloride or bromide, with chloride 

6 being mos^ preferred. 

^ The alkyl groups attached to the amide nitrogen are 

8 preferably attached to secondary or tertiary carbons to 

9 achieve sufficient steric hindrance. Primary alky Is are use* 

10 ful only when there is sufficient branching on the carbon atom 

11 beta or gamma to the nitrogen. Open chain as well as cyclic 

12 groups may he used. The most preferred groups are isopropyl , 

13 t-butyl and cyclohexyl groups. 

14 The additives appear to be useful with any Group 

15 IVA^VIII Ziegler transition metal catalyst which produces 

^6 R'AlClj poison by reaction with aluminum alibis. Trivalent 

17 titanium and vanadium chlorides are preferred with those 

18 having low aluminxmx content being most preferred. The addi- 

19 tives also appear to be generally useful for any monomer and 

20 mixtures of monomers. 

21 When the dialkylaluaiinum amide additives are used 

22 in combination with aluminum trialkyl compoimds, the preferred 

23 transition mecal component is supported TiCl, or TiCl. on 

24 salts such as HgCl2 or hydroxychloride in which at least one 

25 Lewis base is also present. An excess of amide over the 

26 altminvm trlaUcyl may be used with supported TiCl^ catalysts 

27 to .further increase isotacticity. Thus the mole ratio 

28 of aluminum trialkyl to amide may be 1 to 50 to 

29 50 to Ir preferably 1 to 10 to 10 to 1. The molar 

30 ratio of the trialkyl metal compound to the supported transition 

31 metal compound is 0.5 to 1 to 200 to 1 or higher, 

32 more preferably 5 to 1 to 100 to 1- Lewis bases 

33 are normally added in less than stoichiometric amounts based 

34 on the trialkyl metal cocatalyst or the nitrogen-containing 

35 metal alkyl compound, preferably 0.1 to 1 to 1 to 

36 1. However, the hdLndered Lewis bases may be added in greater 
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1 than equimolar amounts, from 0.1 to 1 up to 10-1 

mole ratio, to obtain higher stereospecificity 'without a major 
^ loss Of activity which would occur with unhindered bases. 

5 The advantages of the catalyst • 

^ system, the process for the alpha-clef in polymerization and 

■' compositions of the mixed dimers of the 

8 present Invention can be more readily appreciated by 

9 reference to the following Eacamples and tables. 
10 EXAMPLE 1 

^ ^^'^^^s (A-G) of polymerization runs was carried 

12 out in a 1 liter baffled resin flask fitted with an efficient 

13 reflux condenser and a high speed stirrer. i„ a standard 

15 T<TtZ^ '7 r^^^^"^ Poly=.erizations. 475 ml n":;^: 
15 «1 pp„, water) containing 10 mmole Et^AlCl (1.20 g) was 

iiui^ fwi-oo g> (6.5 mmole) was charcod ^ 

19 catalyst tube containing a stopcock and a rubb:^f;^\:p 

20 Polymerization started when the TiCl3 rinsed intHhe 

22 -heptane from a syringe. Propylene feed 

22 rate was adjusted to maintain an exit gas rate of 200-500 

23 cc/mxn at a pressure of 765 mm. After one hour at tempera- 

24 ture and pressure, the reactor slurry was poured into one 

26 with alcohol and vactnan dried. 
27 

S8 . ^"^^3 Preiwred by reduction of TiCl^ with 

31 "low .1^" (her.lnaft„ 

« E!!ft«^^' " »l-:^th. 

34 EtjAlci. Ih. r.sul« s««arlz.d in Table i foUowta. .Tl 

35 that activity incr.a..4 .harply up to 1 .^u al^^t^^ 

36 mor. .lowly up to 3 ...ol., ..id.. The p.rc«t hepL^te- 
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1 solubles (also called tsocacticity index) remained essen- 

2 tially constant, then decreased slightly at 3 aimoles amide. 
Runs F and G show that still larger increases in 

activity are obtained by premiacing the TiCl- with either the 
amide or the EtjAlCl. 

6 Thus, the addition of only S-30 mole % amide based 

7 on EtjAlCl, or_about 7-50 mole Z based on TiClj, resulted in 

8 25-250 percent increase in polymerization rate over Control 

9 Run A. 

^® The increased activity was not due simply to higher 

11 dialkyl aluminum concentratdLon because 13 mmoles Et2AlCl gave 

12 only 34,1 activity. 



13 




TABU I 


14 
15 




PROFTLEUE POLYMERIZATION 
Et9AlN(iPr)9 Additive 


16 
17 




Et2AlN(iPr)2 

Run nimaleA 


, Rate , 7m Heptane . 
s/« TiCl-j/or Insolubles W 


18 


A(Control) 0 


34.2 95.7 


19 


B 


0.5 


48.2 94.7 


20 


C 


1 


52.2 93.3 


21 


S 


2 


51.8 94.9 


22 


'e 


3 


54.2 92.0 


23 


F 


2(b) 


65.2 94.6 


24 


6 


3(c) 


83.2 91.7 


25 
26 


(a) 


Insoluble in boiling n-heptane based on total 
product, including alcohol-solubles minus catalyst. 


27 
28 
29 


(h) 


Mixed TiCl3 + amide in 12 ml n-heptane, 50* C. 15 
min. before charging to reactor containing the 
Et2AlCl. 


30 
31 
32 


(c) 


Mixed TiCl3 + Et2AlCl in 10 ml n-heptane, 25'C. 30 
™in. before charging to reactor containing the 
Et2AlN(iFr)2* 


33 




The results as shown by the above data are that the 



34 technique of the invention can be used to more taian double 

35 activity without a significant decrease in the heptane solu- 
36^1es of the resulting polymer. 

^7 EXAMPLE II 

38 The procedure of Example I vas repeated for addt- 

39 tional Runs H-N except that diethyl aluminum dicyclohexyl- 
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1 
2 
3 



-««sjrciax aeita cocrystallized TiCl-,.0.33 Aid /c* « 

6 lir.d It t5 me«t that the *1C1, ts an lateral ^^r!: 

7 crystal latttca o£ th. Tin ^ mcsgral part of the 

8 follow, in Tab?, ll!^ "'3- Th. r..ulta ar. „ 

9 ' TABLE II 

PROPYLENE POLYMSEIZATION 
EtoAINfcTCg) , Additive 

II Rtm ^*^£:^?^6^2 , I^te X Heptane 

13 g/e TlCl, AA/'h^ Insolubles(a) 

14 H(Control) 0 20,9 93.7 
^5 ^ 0-30 23.7 94.0 

16 J 0.625 28.5 93.8 

17 ^ 2 . 36.8 89.9 

18 I- 3 40.0 84.7 
M 2(b) 32.3 93.0 

20 ^ 2(c) 30.9 94.0 

21 (a) Sams as (a) in Table I. 

23 Il^^^^'fo !iS^3;0-33 Aip3 + aaide in 10 nl n-heptane. 

24 Se Et^lSl?* charging to reactor containing ' 

25 (c) g^^ed TiCl3.0.33 AICI3 t ^^2^1^! in 5 ml n-heptane, 

27 Se^'it^lSuice)^!" "^^^"^^ containEng 

28 The results in Table II show that activity nearly 

29 doubled upon addition of 3 mmoles amide (60 mole Z on TiCl,) . 

30 In contrast to the results In Example I using an essentially 

31 aluminum-free TICI3. the polypropylene Isotactidty decreased 

32 substantially vlth Increasing amounts of amide, but at least 

33 a 407. increase of activity could be obtained without loss of 

34 Isotactlcity. 

35 Runs M and N show that premixing either the amide 

36 or the Et^AlCl with TiCl3.0.33 AICI3 resulted in a smaller 

37 activity Increase than was obtained without premising (Run K) 

38 but the heptane Insolubles were raised back up to the Control' 
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^ (Run H). Thu3, vlth preoilxlng an approximately 60% increase 

2 In activity could be obtained without loss of Isotactlclty. 

3 EXAMPLE III 

4 The procedure of Example II, Rm K, was repeated 

5 except that 2 mmoles diethyl altiminum diethylamide was added 

6 instead of dicyclohexylamide . Polymerization rate was 24.9 

7 g/g TiCl3«0.33 AlClj/hr and heptane insolubles was 94.1 per- 

8 cent. Therefore, the unhindered diethylamide was much less 

9 effective than the hindered «iicyclohexylamide in increasing 

10 catalyst activity. 

11 EXAMPLE IV 

12 The procedure of Example I, Runs B and D, was re- 

13 peated using diethyl aluminum dicyclohexylamide wich similar 

14 results (40.3 and 47.6 g/g TiCl3/hr vs 34.2 for the Control). 

15 EXAMPLE V 

16 The procedure of Example I, Run £ was followed ex<- 

17 cept that brown Tici3 (most beta) was used (prepared by mixing 

18 Et2AlCl + TiCl^ in n-hexane at -SO^C and heating to 65" C for 

19 1 hr, filtered, washed with n^hexane and vacuum dried) . Poly- 

20 merlzatlon rate Increased to 41.4 g/g TiCl/hr from 18.0 for 

21 the Control run performed in the absence of Et2AlN(iFr)2* 

22 EXAMPLE VI 

23 A titanium catalyst supported on MgCl2 was prepared 

24 by ball milling 20 g anhydrous HgCl2, six ml ethylbenzoate and 

25 3 ml methylpolyslloxane for 100 hr at room temperature. The 

26 solid was treated with an equiaolar amount (based on MgCl2) of 

27 1 M AlEt3 at 100* C for 1.5 hours, filtered and washed with 

28 heptane. This product was treated with excess 40% TlCl^ in 

29 heptane at 65" C, 2 hours, then with 90% TiCl^, 65* C, 1.5 hours, 

washed thoroughly with heptane and vacuum dried, yielding a 
brown powder containing both TiCl3 and TICI4. ^« procedure 
of Example I, Runs A (Control) and D were followed except that 

33 1 g of the supported catalyst was used in place of TiClj. 

34 Polymerization rate in the presence of amides increased to 

35 75.7 from 21.1 In the Et2AlCl Control. Heptane insolubles 

36 Increased to 46.4 from 35.8. 
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^ EXAMPLE VTI 

Polymerization runs were made In a stirred auto- 
clave at 100 psi propylene pressure plus hydrogen for mol- 

4 ecular veight control using pentane diluent. 60" C, 2 hours. 

5 The Control run using 10 amoles Et2AlCl/5 mmoles TiCl-.Q.aS 

6 AICI3 (Stauffer AA grade) produced 495 g polypropylene/ g 

7 TiCl3. Repeating the same run but also adding 2.5 mnoles 

8 Et2AlN<iPr)2 increased catalyse efficiency to 612 e/s TiCl, 

9 EXAMPLE VIII 3* 

10 Ethylene vas polymerized following the procedure 

11 of Example I. Run A. During the first 25 minutes, the ethyl- 

12 ene absorption rate decreased from 370 cc/min to 330 cc/min. 
\l addld""' P"^"^' Et2AlN(iPr)2 in 10 ml n-heptane was 
15 360 ZVT"'': gradually increased to 

11 i^or..sea by the addition of 

17 a diaUcylaWnum amide, but the effect is much smaller than 

18 for propylene polymerization. ™ixxer tnan 

19 EXAMPLE TT 

copolymerization was carried 
out in a similar manner to the procedure of Example VIII 
except that only 0.5 g TICI3 P^-s 5 mmoles Et^AlCl was used. 
The monomer feed rates were set at 150 cc/min ethylene and 

24 1350 cc/min prooylene. During the first 20 minutes, the 

25 absorption rate vas 550 cc/min. At this point, 1.5 mmoles 

26 Et2AlN(iPr)2 in 10 ml n-heptane was added and the absorption 

27 rate increased to 750 cc/min for the next 15 min. 

28 EXAMPLE 3C 

29 The procedure of Example I was followed for a series 

30 of Runs T'-X' and AA except that halogenated aluminum amides 

31 were used together Witii various alkyl aluminum compounds. The 

32 preparation of low aluminum TiCl3 prepared by the technique 

33 described in Example I was used. The results are summarized • 

34 as follows in Table IV. 



20 
21 
22 

23 
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1 

2 
3 
4 
5 
6 
7 
8 



The data from these experiments show the following: 
CI) AluminiHD amides containing less than two allcvl 
^oups are inactive alone (Run T) or when mixed with HAlClf 
aun U). ^-a-e no R,A1C1 is present for active site for»Lion. 
±1^ «P ; ^ ChloroaWnum amides increase the activ- 
ity of catalysts containing RjAlCl (Runs V. W and BB) . 

A..r- u ''^^^'^ ^ ^« ^2A1C1 component 

decrease heptane insolubles (Runs W and X'). 

of M, yields very high activity in the presence 

llsTl^tl 'iT^TllTl^'lr - suhstLiali; 



9 (4) 

10 _^ 

11 less than in the EtjAlCl control" 
rv Increasing the ratio of EtjAlCl: amide from 5-5 

13 aun V) to 10:2 (Run BB) gave no additional improvement^n 

14 activity or heptane insolubles. «^ement in 

EXAMPLE YT 

16 



17 except th^f^ ^""^^^ 

18 ^ ''^^"^'^^ ""'^ i« combination wiA 

IS ctaiyit^T .f x"r::™r --r^r^ttai 

9n ^ was TiCl4 supported on MgCl,. The eatalv«i- 

20 was made br ball k , s ••.2. xne catalyst 

21 fc-T,,« r * billing 5 moles MgClj with 1 mole ethyl- 



TABLE V 



23 
24 

27 Control 1 ^ Cat/hr Insolubles 

28 A 1 244 83.1 

29 B I \^ 83.8 

30 C I I 299 87.3 

32 E 1 3 2° 96.8 

267 90.4 
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'1 Al£t3 concencration (4 amide/ 1 Al£t3) reduced activity but gave 

2 very high heptane Insolubles (Run D vs • Rvm 3) . 

3 EXAMPIZ XII 

4 The procedure o£ Example XI vas followed except that 

5 t-Bu2AlEt was used instead of AlEt3< 

6 TABLE VI 

7 Mmoles Mmoles Rate TL Heptane 

8 Run t-Bu^^AlEt Et-;AlNiPr ^ g/g Cat/hr Insolubles 

9 Control 1 0 248 93.8 

10 P 1 1 265 93.8 

11 G 1 1.2 245 94.4 

12 H 1 1.5 258 94.5 

13 An excess of amide over the aluminum trialkyl increased both 

14 activity and heptane insolubles over the control run- 

15 EXAMPLE XIII 

16 The procedure of Example XI, Runs B and E, vas 

17 followed except that EtjAlNEtj was used in place of EtjAlHiPrj. 

18 Polymerization rates were 230 and 246, respectively, no improve- 

19 menc over the control rate of 244. Heptane insolubles were 

20 84.5 and 84.9, essentially unchanged from the control 83.1%. 

21 Comparison of ^ese runs with Example IX* Runs B and E, show 

22 that small, non-hindered alkyl groups attached to the amide 

23 nitrogen are not effective whereas bulky groups, such as iso- 

24 propyl, increase both activity and stereospecificity. 

25 EXAMPLE XIV 

26 A new preparation of supported catalyst was \ised 

27 whicJl contained 3.16% Tl. 



28 






TABLE VII 








29 




Mmoles 


Mmoles 


Mmoles 




7. HI 


30 


Run 


Al£t<^ 


Et'^AlNiPr; 


EB 


Rate 


31 


Control 


1 


0 


0 


506 


81.6 


32 


I 


■ 1 


1 


c 


468 


85.4 


33 


J 


1 


1 


0.1 


249 


93.9 


34 


K 


1 


1 


0.2 


140 


97.0 


35 


L 


1 


1.2 


0.2 


166 


96.4 


36 


M 


1 


3 


0.2 


282 


92.2 
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Thsse ejcperlnents show that «m.ll mounts of . 



5 EXAMPLE 3CV 
6 



The procedure of Example Xiv was followed ex^.o^ . 
hxndered amides and a .1,H1. Hindered Lewis .i:: IZTIT 

TABLE VIIT • 



7 
8 

9 Mmoi.*« Mmoles Mmoles 




10 Run AlEt ^ Amide 

11 N 



Amine (3) Rate 
1.5 A (1) 0.5 169 

343 
387 




^2 ° 0-88 3.12 B (2) 0.88 

13 ^ 0-64 1.36 B (2) 0.14 

14 (1) A » EtjAlNCcyCgH^^)^ 

15 (2) E =t2Al-2,2,6,6-tetrainethylpiperidide 

16 (3) Amine - 2, 2, 6, 6-tetramethylpiperidine. 

21 EXAMPLE XVT 

22 The procedure of Example XV was followed except that 

23 an unhindered Lewis ba«* rA4.K..iw 
together with (ethylbenzoate - EB) was also added 

tlllT ^".°^^**ly«^=-- A different preparation of sup- 

ported catalysl: was- u&eiT ^ • 

y„ .™>used wh:vch- contaaaed only 1,75% titanitea. 

TABLE IX 



24 
25 
26 




Mmoles- Mmoles ^"mZTTIZ" 
28 ^ AlEt,^ junior r2. TLirC2, 

° • 0 0 

0.44 0.2 

31 (1) 0.08 g. Catalyst 

32 (2) B - Et2Al-2,2,6,6-tetramethylpiperidide. 

33 The results in Run q show that very hlgl. stereo. 




34 
35 



v=*jr niqa stere&r 

us. :f : tnsoluM.sI „„ Obtains, 6. th. 

a dxalkyl alu-inun «^ae ^ two ai«ar„t Lewis base. 
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1 as itiodifiers for the trialkyl aluminum. The results are ea- 

2 pecially striking since the control run shows that the cata- 

3 lyst gave very low stereospecif icity (49% HI) in the ab- 

4 sence of cocatalyst modifiers. 
5/ EXAMPLE XVII 

6 The procedure of Example XIV, Run I, was followed 

7 except that a diary lamide, diethyl aluminum di-ortho-tolylamide 

8 and a new preparation of the same type of supported catalyst 

9 which contained 3.38% Ti were used. The polymerization rate 

10 was 309 g/g. catalyst/hr. and the % HI = 93.4. Comparison with 

11 Example XIV control and Run I shows that the diarylamide was 

12 more effective than the dixsopropylamide in increasing 

13 stereospecif icity. 

Since many modifications and variations of this 
invention may be made without departing from the spirit or 

16 scope of the invention thereof ^ it Is not Intended to limit 

17 the spirit or scope thereof to the specific examples thereof . 
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A catalyst composition which comprises a mixture of: 

(a) at least one supported Group IVA to VIII transition »etal 



(b) a trialkyl metal cocatalyst. said triallcyl metal cocatalyst 
having the structure R.^y ^^rein is a c, to c,, 

secondary al.yl. .ertiary al.yl. „eopentyl alUyl. branched al.yl, „.p..Henic 
or aralkyl group and Y is aluminium, gallium or indium; 

• (c) a nitrogen-containing metal alkyl compound having the structure 
R'jYNRj or R'XYNR^ 

.eco^«. .e,,,,^ ^^^^^^^ ^^^^ ^^^^^^^ 

or arallen «roup R u C, to C,. bully „ 

«Ch H « £„™ . pyrrolUyl „r piperidyl ..a the allyl substituted 
d»lv.tiv.. Of pyrrolld,! «,d pipetid,!. the „ole tati. of said co^ouad 
to .aid transition „etal co.po„„d being fto„ 0.5a to 200=1, and 
<d) at least one Lewis base. 

2- ; A «'»I»al<=l<m according to claia, 1 „h.rrin T i. .l„.lnu„. 
3. A coa^oaltxon according to either of cUi., 1 „d 2 .herein .aid 

tr^llcyl ^tal cocatalyst is a trialtyl ,w„i™ „ . 

ratxo of 1 to 30 to 50 to 1 based on said nitrogen containin. «tal allyl 



compound, 
4. 



A co-positio. accordln, to any one of the preceding claims therein 
•aid nitrogen containing »etal aUyl confound is diethylaWntus, dliso- 
propyla.id.. dietbylalu„ini„. «cyclohe^la»id.. dietbylaWniu. 
2.2,6.6-tetra™tb,lplp„idlde or diethyl dlorthotolyl „id.. 

5. A co^sitlo. according to any one .f the preceding cUi^ .herein 

•axd transition ™tal cc^nd i. TiCl^ on a support or «C1, on a support 
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6« A composition according to any one of the preceding claims 

wherein said support is MgCl2 

7. A composition according to any one of the preceding claims wherein 
said Lewis hase is an amine, ester, phosphine, ether, amide, sulfoxide, 
phosphine oxide, phosphate, phosphite, epoxide, saturated or unsaturated 
heterocycle, piper idine, pyrrolidine, ketone, tetrahydrofuran, secondary 
or tertiary aliphatic or aromatic amine. 

8. A composition according to claim 7 wherein said Lewis base is 
ethyl benzoate. 

9* A composition according to any one of claims 1 to 6 wherein said 

Lewis base is hindered. 

lO. A composition according to any one of the preceding claims wherein 
said R groups are aryl. 
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